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SEMISPAN MODEL OF THE BELL X-? AlRpLANE AS D- 

BY THE NACA WING-FLOW =OD 

By Richard E. Sawyer, Robert M. Kennedy, 
and Garland J: Morris 

. .  

An investigation was made at a Mach n&er of 1.24 by  the NACA wing- ' 

f low method t o  determine the  longitudinal-control  effectiveness and down- 

wash characteristlcs of a --scale semispan model of the variable-sweep 

Bell X-? airplane with the wing o f .  the model  swept back 60°, 50°, and bo. 
L i f t ,  drag, and pitching moments were obtained  for  various  angles of 
attack  for  several  horizontal t a i l  settings and with tail off  for  each 
angle of sweep of the ang. The Reynolds n M e r  was about 1 X lo4. 

1 
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The resul ts  of the investigation  indicated'that the rate  of change 
of pitching-momen% coefficient  with tail incidence was apparently 
unaffected  within  the  accuracy of measurement by the sweepback  of the 
wfng of the model and had a cpnstant  value of abozrt -0.016 per degre,e 
over the range of  angle of attack covered ( - 2 O  t o  6O). The downwash 
results computed from the measurements o f .  .pitching moment with ta i l  on 
and t a i l  o f f  resul ted  in  a value of 0.38 f o r  the average ra te  of change 
of downwash angle  with  angle of attack  for  the model with thg wing swept 
back 60° over the range of angle of attack covered (-2O t o  8 ) . The 
ra te  of change  of.downwash angle  with  angle of attack appeared t o  have 
approximately the sane value for  the model with  the w f n g  swept back 50° 
and kOo as was determined f o r  the model with the wing swept back 60°. 
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As part  of a program t o  determine the aerodynamic characterist ics 
of  the proposed Bell  X-5  airplane  incorporating a wing whose angle  of 
sweep can  be varied i n   f l i g h t ,  an  investigation i s  being made a t  low 
supersonic  speeds  by the NACA wing-flow method on a 1 -scale semispan 
model. Resul ts   of   tes ts   to  determine the longitudinal  stability  char- 
ac t e r i s t i c s  of t h i s  model with the wing  swept back 60' have been  reported 
i n  reference 1, and resul ts  of t e s t a  t o  determine the effect  of sweepback 
on the  longitudinal  stabil i ty  characterist ics  of this model have been 
reported i n  reference 2. The present paper give tbe reeul ts  of t e a t s  
which, when coIllbined d t h  the  results prevlouely reported,  are used t o  
determine the longitudinal-control  effectiveness and downwash character- 
i s t i c s  of the model. The results presented  herein  consist of measurements 
of lift, drag, and pitching moment for  the model with t a i l  incidences 
of Oo and -4 with the wing swept bgck 60° and a t a i l  incidence of -2O 
with  the wing swept back 50' and 40 . Measurements were also made f o r  
each sweepback angle   ui th   the  ta i l   off .  The effective Mach number a t  
the wing of  the model f o r  the tests was about 1.24 and the Reynold8 
number was of  the  order of 1 x 10 . 6 
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In the   interest  of making these data available a e  soon as possible, 
they  are  presented  with  only a l i m i t e d  analysis. 

SYMBOLS 

b 

C 

- 
C 

wing span, inches 

local  w i n g  chord parallel   to  plane of symmetry, (portion of  
wing within  fuselage i s  considered t o  be formed by 
perpendiculars from wing-fuselage  intersections t o  plane 
of symmetry), inches 

mean aerodynamic  chord of wing, inches;  baeed on the  relationship 

mean aerodynamic chord  of tai l ,  inches 
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CD drag  coefficient (D/qS) 

c ~ L , o  
drag  coefficient a t  zero lift 

CL lift coefficient (L/M) 

Cm pitching-moment coefficient (M/qSE) 

cLa ra te  of change of lift coefficfent with angle  of  attack  over 
l inear   par t  of curve 

C% mean r a t e  of change of pitching-moment coefficient with angle 
of attack between a = 0’ and a = 

D drag force  (resultant  force  parallel t o  local  free-stream 
velocity), pounds 

effectiveness of horizontal tail, per degree 

- dc 
d a  

ra te  of change of downwash Kith angle of a t t a c k   a t   t a i l  of 
model 

it incidence of horizontal t a i l   ( r e f e r r e d  t o  wing-chord plane), 
degrees 

L lift force  (resultant  force  perpendicular t o  stream  velocity), 
pounds 

M pitching moment, inch-pounds 
b 

% , local Mach  nuldber a t  wing surface of F-51D airplane 

“t 

MW . effective Mach nmiber for  wil.le.0of model 

effective Mach nmiher f o r  t a i l  of model 

9 effective d c pressure for  wing of model,  pounds per  square 
fop* ~ -. CPV 
_I- .” , 

.* . -  ” Reynolds e e r  baaed on mean a e r o d m c  chord E .. . .. .- 
.. . 

. S model wing area,  square f ee t  

I 

c 
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v velocity,  feet per second 

Y spanwise coordinate,  inches 

a angle  of  attack  (referred  to wing-chord plane),  degrees 

E effective domwash angle a t   t a i l  of model, degrees 

A sweepback angle  referred  to 25-percent-chord l ine  

P density, slugs per  cliblc  foot 

A prime indicates  coefficients baeed on dimensions of  configurati.Cn 
with 600 sweptback wing. 

APPARATUS AND TESTS 

The t e s t e  were made by the NACA wing-flow method i n  which the model 
i e  mounted i n  the region of high-speed flow over  the wing of a North 
American F-51D airplane. The contour of the airplane wing i n  the t e a t  
region  for  the  present  investigation was designed t o  give e Mach nuuiber 
of 1.25 a t  a f l i gh t  Mach  number of about 0.71. 

The configurations  tested end reported  herein  consisted of  the 
--scale semispan model of  the  Bell  X-5  airplane equipped  successively 1 
30 
with a 60' eweptbac5 wing for  t a i l  incidences  of Oo and -4' and with 
wings of bo and 50 sweepback angles  for a t a i l  incidence of -2'. 
The  model W ~ B  also  tested with t a i l  off  for  each  angle  of sweep of the 
wing. I 

. 

A photograph of the semispan m d e l  with end plate a t  the fuselage 
Center line is ehown in   f igure  1; photographs of the model equipped with 
Wings m p t  back  and 50' are  shown in  f igures  2 and 3, respectively. 
The geometric  characterietlca of the model, wlngs, and hor izonta l   t a i l  
surfaces  are  given  in  table I; O t h e r  details of the model are  shown i n  
f i v e  4. The fuselage of the model WB cou tmc ted  of mahogany 
reinforced with duralumin, and duralumin was Used for the w i n g s  and 
empennage. A duct was included in the  fuselage  to  simlat-  -k0 
extent the ai r  intake and flow through the jet  engine of the RzlL-ocqle 
airplane. The airfoil  section  perpendicular  to the unsuept  38-percent- 
chord l i ne  (wing pivot point of the  Rzll-ecale  airplane) i s  an NACA 
64(10)AOll at  the  root  (through  pivot  point) and tapere t o  NACJ. 
64(,8)A008.6 a t  the t ip .  The  horizontal t a i l  has an NACA 64AOO6 s i r f o i l  
sect ion  paral le l   to   f ree  stream. The quarter-chord  line of  t he   t a l l  -8 - 



swept back 45'. The aspect  ratios of the 60°, Wo, and 40° wings are  
2.18, 2.98,  and 3.77, respectively. 

The mounting of the model and method of tes t ing were similar t o  
that described i n  references 1 and 2. The  model was originally designed 
and constructed so that  the pitching moment would be measured about the 
25-percent mean-aerodynamic-chord position (gross-weight  center-of- 
gravity  position of the  full-scale  airplane) of the wing i n  each sweep 
position. However, s&sequent changes i n  wing span and f i l l e t s  caused 
the  positions about which the  pitching momenta  were measured t o  
correspond t o  the 26-, 29-, and 35-percent 'mean aerodynamlc chord of 
the 600, WO, and 40' wings, respectively. 

A typical chordwise mch nmiber dis t r ibut ion  in   the test region on, 
the airplane wing as determined from static-pressure measurements a t  
the wing surface with the model  removed i s  indicated  in figure 5. From 
static-pressure measurements made with a static-pressure  tube  located 
a t  various distances up t o  6 inches above the  surface of the   t es t  
section, the average ver t ical  Mach nunher gradient was found t o  be 
0.009 per inch. The effective dynamic pressure  for  the model wing q, 
the  effective Mach number f o r  the model  wing &, and the  effective 
h c h  number f o r  the model t a i l  M t  were determined from an integration 

ta i l  of the model. A more complete discussion of the method of 
determining the  effective Mach  number and  dynamic pressure  for  the model 

the wing of the model was between 1.23 and 1.24. The Reynolds nunhers 
based on the  reepective mean aerod y y i c  chords were about 1.1 x 10 
5 percent f o r  the 60° wing, 0.9 x 10 *3 percent  for  the YOo wing, and 
0.9 x 106 29 percent f o r  the 400 wing. 

- of the Mach nmiber distribution over the area covered by  the wing and 

'c can  be found i n  reference 3.  For the present  tests, the ?&ch  number f o r  

6 

RESULTS IWD DISCUSSION 
3 

The  aerodynam2c characteristics  are  presented f o r  the model with 
the various t a i l  settings and with  the t a i l  o f f  in   f igure 6 for  the 60' sweptback wing, in  f igure 7 f o r  the 50° sweptback wing, and i n  
figure 8 fo r  the bo sweptback wing. The coefficients of the 60°, 50°, 
and bo sweptback wings are based on their  respective dimeneions. Data 
are Bhown for  both increaeing and decreasing  angles  of  attack  obtained 
as the model was oscillated through  a  range gf  anglg of atgack of 
about 15O, the limfts varying from -2O o r  -3 t o  12 o r  13 , depending 
on the  configuration. Pitching-moment data were obtained  only over a 
limited  angle-of-attack range for  the t e s t s  with  the t a i l  on because 
of limitatione i n  the capacity of the pitching-moment element of the 
balance. 
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I n  order to   indicate  the variat ion  in  aerodynamic characterist ics 
with sweep, as f o r  a variable-sweep  airplane l i f t ,  drag, and pitching- 
moment coefficients  for  the 60°, 50°, and 4.0 configurations  for  the 
various t a i l   s e t t i n g s  and f o r   t h e   t a i l   o f f ,  all based on the dimensions 
of  the 60° wing, are  presented in   f igures  9, 10, and 11, respectively. 
The pitching-moment coefficients  given  in  f igure 11 refer to   t he  
26-percent mean aerodynadc chord  of the 60° wing. Results  of  tests 
made with  other t a i l  sett ings  are  also shown i n  figures 9, 10, and 11 
and are  reported  in  references 1 and 2. 

b 

Longitudinal stabil i ty  characterist ics.-  The lift and pitching- 
moment variations  with  angle  of  attack and the drag variation  with lift 
given i n  figures 9 t o  11 for  the model configurations  with tail on of 
the  present  tests  agreed  closely  with  the  results  with  other t a i l  
settings  previously  reported i n  references 1 and 2. Figure 12 presents 
the  effect  of sweepback angle  with t a i l  on and tail off on C h ,  on 

CDCL,O, and on C,, taken from the  results  given  in figures 9 to 11. 

As shown i n  figure 12, the value of C h  with the t a i l   o f f  was reduced 
about 0.006 from the  value with the  t a i l  on for  a l l  three sweepback 
angles  of  the wing. The value of CD with  the t a i l   o f f  waa only 

s l igh t ly   l ess   than   v i th   the   t a i l  on. The contribution of the t a i l  t o  
the   s tab i l i ty  amounted t o  about -0.010 i n   t h e  value of C,, fo r  a l l  
three sweepback 'angles  of  the wing. 

CL=O 

Longitudinal-control  effectivenese. - The effectiveness  of  the 
horizontal tail i n  producing changes in  pitching moment is shown i n  
figure 13 a t  several angles of a t tack  for  the model with  the 60°, 50°, 
and 40° sweptback wfngs. A l l  pitching-moment data shown in  f igure 13 
are baaed on the dimensions  of the model wtth the 60° sweptback wing. 
The slope  of  the  variation of  pitchtng-moment coefficient with tail 

incidence - , regarded as the t a i l  effectiveness  parameter,  apparently 
had 8 constant  value  of  about -0.016 per degree over  the  range of am16 
of attack covered i n  the t e s t s  ( -2O t o  6') and appeared t o  be  unaffected 
within  the  accuracy  of  the measurements by sweepback of the wing of the 
model. 

d i t  

D m w a s h  at the   ta i l . -  The  downwash angles shown in figure 14 were 
calculated from the results given i n  figures ll(a), l l ( b ) ,  and U ( C )  on 
the  basis  that   the downwash angle was equal to   the  sum of t h e   t a i l  
sett ing and the  angle  of  attack a t  which the  pitching moment for   the 
par t icu lar   t a i l   se t t ing  was equal to  the  pftching moment with t h e  t a i l  
off .  The absolute magnitude of  the  effective downwash angle  determined 
i n  t h i s  manner i s  subject  to some uncertainty as unpublished resul ts  
have indicated  that  there i s  a variation of approximately 1' i n   t he  

. :  
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direction of flow over the F-XD wing between the  positions  occupied  by 
the wing  and t h e   t a i l  of  the model. This curvature of flow i s  believed 
t o  be  respunsible  primarily  for  the downwash angle  not  being zero a t  
the  angle of attack f o r  zero lift. However, the  variation of  damwash 
angle  with  angle of attack determined by   th i s  method should  not  be 
affected  by  this  curvature of flow. The resul ts  denoted by  the  flagged 
symbol were taken from unpublished resu l t s  of t e s t s  of the  m'del with a 
600 sweptback wfng having ap-proxfmately  one-half the  s t i f fness  of the 
60' sweptback ving of the present  teets.  Since it w&s f e l t   t h a t  the 
difference i n  s t i f fness  would not  materially  affect  the downwash character- 
ist ics,   these  data were used t o  a id  ig defining  the  variation of downwash 
angle with angle of attack fo r  the 60 swept wing. 

For  the model with  the 60° swept wing, the   ra te  of  change of the 
downwash angle  with  angle of attack appeared t o  average  about 0.38 over 
the  angle-of-attack r a g e  covered (-2O t o  8'). Sufficient data were not 
obtained  with the wings of 4.0' and 50' meep t o   e s t a b l i s h   a d e w t e l y   t h e  
variation of the downwash angle  with  angle of  attack. However, since 
there is little variation with sweep in the  contribution of the t a i l  t o  

dCA 
the Cnr, and since  the value of - appeared t o  be  constant with sweep 

(see  figs. 12 and l3), the  rate of change of downwash angle with  angle 
of attack i s  robably  approx-ltely  the same for  the model wlth the wirg 
swept back 50 and kOo as for  the model with the wing swept back 60°. 

dit 
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GEOMETRIC CHARACTERISTICS  OF 30 - SCm SEMISPAN MODEL OF 

W i n g  dimensions : 
Airfoil  section  (perpendicular t o  unswept 38-percent- 

chord l ine) 
Root . . . . . . . . . . . . . . . . . . . . . . .  W A  64(10)AOll. 
T i p . . . . .  . . . . . . . . . . . .  . . . . .  . W A  64 (08) A008.6 

Sweepback angle, degrees . . . . . . .  b 50 60 
Semispan, inches . . . . . . . . . .  5.31 4.60 3-88 
Mean aerodynamic chord, inches . . .  3 .1O 3-20 3.64 
Chord at t i p ,  inches . . . . . . . .  1.84 1.04 1.84 
Chord a t  plane of symmetry, inchee . 4.40 4.50 4.25 
Area (semispan), squaze lnchee . . 14.97 14.20 13  79 
Aspect r a t io  . . . . . . . . . . . .  3.77 2.98 2.18 
Dihedral  (chord plane), degrees. . . .  .O 0 0 
acidence (chord  plane), degreee . . .  .O 0 0 

Horizontal tail: 
Section. . . . . . . . . . . . . .  
Mean aerodynamic chord, inches . . 
Chord at t ip ,  inchea . . . . . . .  
Chord a t  plane of symmetry, fnches 
Area (semispan) square  inches. . I 

Aspect r a t i o  . . . . . . . . . . .  
Height (above wing chord),  inches. 

Semispan, inches . . . . . . . . .  . . . . . . . . . . .  .MEA . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

64A006 . 1.91 . 1.43 . 0.72 
1.95 
2.55 . 2.86 . 0.56 

Length 
From 0.26E of 60' swept t o  0.25&, inches . . . . . . . .  6.83 
From  O.29E of 50' swept wing t o  O.25'ct, inchee . . . . . . . .  6.83 
From  0.35E of bo swept wing t o  0.25Etr inches . . . . . . . .  6.83 

. 
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Figure 1.- Side view of semispan wing-flow modal of the Bell X-5 alrplane. 
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Figure 2.- Semispan wing-flow model of the Bell X-5 airplane with wing 
in 40' sweep position. 
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Figure 3 .- Semispan wing-flow model of the Bell X-5 airplane with wing 
i n  sweep position. 
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Figure 4.- Details of the semispan model of the Bell X-5 airplane with . 
King i n  bo, yo, and 63’ sweep position. A l l  dimensions a r e  in inches. 
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Figme 5.- Typical chordwise distribution of Mach number along the 
surface of test section. Chordwiae locatlon of model also shown. 
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Figure 6.- Aerodynamic  characteristics of semispan model Of Bell x-? 
airplane; sweepback angle 6oC. M, = 1.24. 
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(b) it = -4'. 
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Figure 7.- Aerodynamic characteristi-cs of semispan model of B e l l  X-5 
airplane; sweepback angle 50'. M, = 1.23. 
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(b) Horizontal tail off.. 

Figure 7.- Concluded. 
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(a) = -Po. 

Figure 8.- Aerodynamic characteristics of semispan model of Bell X-5 
alrplane; sweepback angle 40'. M, = 1.23. 
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(b) Horleontal t a i l  off. 

Pisure 8.- Concluded. 
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(a) A = 60'. 
Figure 9.-  Variation o f  lift coefficient  with angle of attack for several 

tail set t ings and ving sweepback angles for the semispan model of the 
Bell X-5 airpkne. Results from references 1 and 2 also shown. 
(Coefficienie based on 60' sweptback-wing dimensions. ) 
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(b) A = 50'. 
Figure 9. - Continued. 
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( c )  A = bo. 

F i w e  9. - Concluded. 

t 

I 

S 



.... . . 
. .. 

# 

(a) A = 6oo. 

Figure 10.- Variation of drag coefficient with lift coefficient for 
several tall settings and wing sweepback angles for the semispan 
model of the Bell X-5 airplane. Results from-references 1 and 2 
also shown. (Coefficients based on 60' sweptback-vlug dimensions.) 
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(a) A = 50". 

Flgure 10.- Continued. 
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(c) A = 40°. 
Figure 11.- Concluded. 
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Figure 12.- Effect of sweepback angle  with t a i l  on and t a i l  off  on rate 
of change of l i f t  coefficient  with  angle of attack, on drag coeffi- 
cient at  zero l i f t ,  and on rate of change of pitching-moment coef 

airplane.  (Coefficien-ts  based on 60° sweptback-wing dimensions. ) 
cient  wlth angle of attack  for the semispan model of the B e l l  - 
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A= 40" 

Figure  13.- Variation of pitching-moment coefficient  with ta i l   se t t ing  
for  several  angles of attack and wing sweepback angles for  semispan 
model of Bell X-5 airplane.  (Coefficients based on 60° sreptback- 
wing dimensions.) Dashed lines indicate an approximate fairing due 
to limited number of t e s t  points. 
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Figure 14.- Variation of downwash angle with angle of attack for 

several wing sweepback angles for semispan model of B e l l  X-5 
airplane.  (Coefficients based on 60° sweptback-wing dimensions. ) 




